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READING A MEMORY ELEMENT WITHINA 
CROSSBAR ARRAY 

STATEMENT OF GOVERNMENT INTEREST 

This invention has been made with government Support. 
The government has certain rights in the invention. 

BACKGROUND 

As the use of digital data increases, the demand for faster, 
Smaller, and more efficient memory structures increases. One 
type of memory structure which has recently been developed 
is a crossbar memory structure. A crossbar memory structure 
includes a set of upper parallel wires which intersect a set of 
lower parallel wires. A programmable memory element con 
figured to store digital data is placed at each intersection of the 
W1S. 

One type of programmable memory element which may be 
used is a memristive element. A memristive element is a 
device which changes the state of its resistance based on an 
applied programming condition. For example, a program 
ming condition may be applied to change the memristive 
element from a high resistive state to a low resistive state or 
Vice versa. A high resistive state may represent a digital “1” 
and a low resistive state may represent a digital “0”. 
One challenge that results from use of a crossbar memory 

structure is the process of reading the state of a target memory 
element. The state of a memory element may be determined 
by applying a sense Voltage on one side of the target memory 
element. Then, the Voltage measured by a sense element on 
the other side of the target memory element will be indicative 
of the state of the target memory element. However, when 
applying a sensing Voltage to a target memory element, the 
Voltage sensed on the other side of the target memory element 
is adversely affected by the unselected and half-selected 
memory elements within the crossbar array. Thus, it is diffi 
cult to isolate the Voltage across the target memory element 
which is a direct result of the applied sense Voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate various embodi 
ments of the principles described herein and are a part of the 
specification. The illustrated embodiments are merely 
examples and do not limit the Scope of the claims. 

FIG. 1 is a diagram showing an illustrative crossbar array, 
according to one example of principles described herein. 

FIG.2 is a diagram showing an illustrative disjointed cross 
bar array, according to one example of principles described 
herein. 

FIG. 3 is a diagram showing an illustrative NXN crossbar 
array model while a target memory element is half-selected, 
according to one example of principles described herein. 

FIG. 4 is a diagram showing an illustrative NXN crossbar 
array model while a target memory element is fully selected, 
according to one example of principles described herein. 

FIG. 5 is a diagram showing an illustrative circuit sche 
matic of an equivalent circuit of a fully selected memory 
element of a crossbar array, according to one example of 
principles described herein. 

FIG. 6 is a diagram showing an illustrative Voltage to 
current relation of a non-linear element, according to one 
example of principles described herein. 

FIG. 7 is a flowchart showing an illustrative method for 
using a Voltage to sense the state of a memory element within 
a crossbar array, according to one example of principles 
described herein. 
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2 
Throughout the drawings, identical reference numbers 

designate similar, but not necessarily identical, elements. 

DETAILED DESCRIPTION 

As mentioned above, one challenge which results from use 
of a crossbar memory structure is the process of reading the 
state of a specific memory element. The state of a memory 
element may be determined by applying a sense Voltage on 
one side of a target memory element. The Voltage measured 
by a sense element on the other side of the target memory 
element will then be indicative of the state of the target 
memory element. However, when applying a sensing Voltage 
to a target memory element, the Voltage sensed on the other 
side of the target memory element is adversely affected by the 
unselected memory elements within the crossbar array. Thus, 
it is difficult to isolate the Voltage across the target memory 
element which is a direct result of the applied sense Voltage. 
One solution has been to use isolation elements such as 

diodes or transistors which may selectively inhibit the flow of 
electric current from unselected memory elements. However, 
this approach requires the use of several additional electronic 
components for each memory element. The additional com 
ponents prohibit the memory structure from being designed 
with a higher memory density. 

In light of these and other issues, the present specification 
discloses a method for accurately sensing the state of a 
selected memory device without the need for such isolation 
elements. For purposes of illustration, the two sets of inter 
secting parallel lines will be referred to as row lines and 
column lines. Either the row or column lines may be the upper 
or lower lines. 

According to certain illustrative examples, a target 
memory element is selected by selecting a column line con 
nected to the target memory element and a row line connected 
to the target memory element. To select the column line, a 
Supply Voltage is applied to a source follower. A source fol 
lower is a transistor in which the input and output correspond 
to the gate terminal and the Source terminal. The gate terminal 
of the source follower is connected to the column line that is 
connected to the target memory element. 

Bias Voltages are also applied to row lines of a crossbar 
array not connected to the target memory element. Because 
the row lines to which the bias voltages are applied intersect 
the column line connected to the source follower, the applied 
bias Voltages will result in a Voltage formed at the gate ter 
minal of the source follower. The bias voltages may be 
designed so that they will not inadvertently change the state of 
the memory elements within the crossbar array and yet still be 
large enough to cause the gate Voltage to exceed the source 
follower's threshold voltage. By exceeding the source follow 
er's threshold voltage, the source follower may be brought 
into a saturation mode. 

While in a saturation mode, the source follower transfers 
the Voltage on the input (the gate terminal) minus the thresh 
old voltage to the output (the source terminal) of the source 
follower. The input side of the source follower experiences 
high impedance, effectively isolating the crossbar memory 
elements from various sensing circuitry on the other side of 
the source follower. 

With only the bias voltages applied to the row lines not 
connected to the target memory element, the Voltage experi 
enced on the output of the source follower is not indicative of 
the state of the target memory element. Thus, this Voltage may 
be referred to as a background Voltage. The background Volt 
age is then stored in a storage element to be used at a later 
time. 
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A sense Voltage is then applied to the selected row con 
nected to the target memory element. At this point, the output 
voltage of the source follower is dependent not only on the 
bias Voltages applied to the unselected rows, but also the 
sense Voltage applied to the selected row line connected to the 
target memory element. Thus, the difference in the output 
voltage from before the sense voltage is applied and after the 
sense Voltage is applied is dependent on the state of the target 
memory element. This difference in voltage may be deter 
mined by Subtracting the background Voltage stored in the 
storage element from the output Voltage experienced when 
the sense Voltage is being applied to the selected row. 

Through use of a system or method embodying principles 
described herein, the state of a target memory element within 
a crossbar array may be determined without the need for 
isolation elements. Without isolation elements, a memory 
structure with a higher density may be realized. The higher 
memory density allows more data to be stored within a 
Smaller physical amount of space. 

In the following description, for purposes of explanation, 
numerous specific details are set forth in order to provide a 
thorough understanding of the present systems and methods. 
It will be apparent, however, to one skilled in the art that the 
present apparatus, Systems and methods may be practiced 
without these specific details. Reference in the specification 
to “an embodiment.” “an example' or similar language means 
that a particular feature, structure, or characteristic described 
in connection with the embodiment or example is included in 
at least that one embodiment, but not necessarily in other 
embodiments. The various instances of the phrase “in one 
embodiment’ or similar phrases in various places in the speci 
fication are not necessarily all referring to the same embodi 
ment. 
Throughout this specification and in the appended claims, 

the term “memory structure' is to be broadly interpreted as 
the physical structure of an electronic circuit designed to store 
digital data. A memory structure may include a number of 
programmable devices configured to be set to a number of 
different states. 

Throughout this specification and in the appended claims, 
the term “crossbar array' is to be broadly interpreted as a 
number of lower wire lines intersecting a number of upper 
wire lines. A programmable logic device is disposed at each 
crosspoint between an upper wire segment and a lower wire 
Segment. 

Throughout this specification and in the appended claims, 
the term “memory element' is to be broadly interpreted as a 
component configured to be programmed with a value or state 
and maintain that value or state to be read at a later time. 

Throughout this specification and in the appended claims, 
the terms "row lines' and “column lines' are used to differ 
entiate between a first set of parallel lines intersecting a sec 
ond set of parallel lines. Either the row or column lines may be 
the upper set of lines in any particular application. 

Referring now to the figures, FIG. 1 is a diagram showing 
an illustrative crossbar memory architecture (100). Accord 
ing to certain illustrative examples, the crossbar architecture 
(100) may include an upper set of lines (102) which may 
generally be in parallel. Additionally, a lower set of lines 
(104) may be generally perpendicular to and intersect the 
upper lines (102). Programmable crosspoint devices (106) are 
formed at the intersections between an upper line (108) and a 
lower line (110). 

According to certain illustrative examples, the program 
mable crosspoint devices (106) may be memristive devices. 
Memristive devices exhibit a “memory of past electrical 
conditions. For example, a memristive device may include a 
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4 
matrix material which contains mobile dopants. These 
dopants can be moved within a matrix to dynamically alter the 
electrical operation of an electrical device. 
The motion of dopants can be induced by the application of 

a programming condition Such as an applied electrical Volt 
age across a suitable matrix. The programming Voltage gen 
erates a relatively high electrical field through the memristive 
matrix and alters the distribution of dopants. After removal of 
the electrical field, the location and characteristics of the 
dopants remain stable until the application of another pro 
gramming electrical field. For example, by changing the 
dopant configurations within a memristive matrix, the elec 
trical resistance of the device may be altered. The memristive 
device is read by applying a lower reading Voltage which 
allows the internal electrical resistance of the memristive 
device to be sensed but does not generate a high enough 
electrical field to cause significant dopant motion. Conse 
quently, the state of the memristive device may remain stable 
over long time periods and through multiple read cycles. 

According to certain illustrative examples, the crossbar 
architecture (100) may be used to form a non-volatile 
memory array. Non-volatile memory has the characteristic of 
not losing its contents when no power is being Supplied. Each 
of the programmable crosspoint devices (106) is used to 
represent one or more bits of data. Although individual cross 
bar lines (108, 110) in FIG. 1 are shown with rectangular 
cross sections, crossbars may also have square, circular, ellip 
tical, or more complex cross sections. The lines may also have 
many different widths, diameters, aspect ratios and/or eccen 
tricities. The crossbars may be nanowires, Sub-microscale 
wires, microscale wires, or wires with larger dimensions. 

According to certain illustrative examples, the crossbar 
architecture (100) may be integrated into a Complimentary 
Metal-Oxide-Semiconductor (CMOS) circuit or other con 
ventional computer circuitry. Each individual wire segment 
may be connected to the CMOS circuitry by a via (112). The 
via (112) may be embodied as an electrically conductive path 
through the various Substrate materials used in manufacturing 
the crossbar architecture. This CMOS circuitry can provide 
additional functionality to the memristive device such as 
input/output functions, buffering, logic, configuration, or 
other functionality. Multiple crossbar arrays can be formed 
over the CMOS circuitry to create a multilayer circuit. 

FIG. 2 is a diagram showing an illustrative disjointed cross 
bar array (200). According to certain illustrative examples, a 
crossbar array may be structured in a disjointed manner. That 
is, the end crosspoints of two adjacent parallel upper lines 
(202) intersect different lower lines (204). In one type of 
disjointed crossbar array (200), the lower line vias (208) and 
the upper line vias (206) may each be positioned in the middle 
of their respective lines. Thus, the line vias (206, 208) will 
have an equal number of memory elements on each side. Such 
a crossbar structure is merely one type of crossbar structure in 
which the principles described herein may be used. 
As mentioned above, when selecting a target memory ele 

ment to be read, it is difficult to isolate the voltage which has 
been affected by the target memory element alone. Conse 
quently, the present specification discloses methods and sys 
tems for reading the state of a target memory element without 
the need for isolation elements. 

FIG. 3 is a diagram showing an illustrative NxN crossbar 
array model while a target memory element is half-selected. 
While a practical crossbar array may include a 512x512 array, 
a much Smaller 2x2 array is shown for purposes of this expla 
nation to more simply illustrate and model the principles of 
reading the state of memory elements that can be identically 
applied within larger arrays. 
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According to certain illustrative examples, each column 
line is connected to the gate terminal of a source follower 
(320). As mentioned above, a source follower (320) is a 
transistor in which the gate terminal and the Source terminal 
of the transistor correspond to the input terminal and the 
output terminal of the source follower (320). 

To select a particular column within the crossbar array 
(300), a select switch (328) may be closed to provide a supply 
voltage (326) to the drain terminal of the source follower 
(320) connected to the column desired to be selected. By 
selecting a column (302), all memory elements (312, 314) 
along that column become half-selected. Thus, the target 
memory element (312) as well as the rest of the memory 
elements (314) connected to the selected column (302) 
become half-selected. 

Bias voltages (308) are then applied to the unselected rows 
(332) while the selected row (310) connected to the target 
memory element (312) is left to float (306). The bias voltages 
are then applied across the column half-selected memory 
elements (314), causing a gate voltage (330) to form at the 
gate terminal of the source follower (320). The value of the 
bias Voltages (308) applied to the unselected rows (332) are 
such that the gate voltage (330) of the source follower (320) is 
greater than the threshold voltage of the source follower 
(320). As will be appreciated by those skilled in the relevant 
art, the threshold voltage for a transistor device is typically 
around 0.7 volts. Additionally, the bias voltages may be less 
than whatever value is great enough to change the State of a 
memory element. This may prevent the bias Voltages from 
inadvertently rewriting a memory element during a read 
operation. 

In some cases, all of the unselected rows (332) may have a 
bias Voltage applied. In some cases, less than all of the unse 
lected rows may have bias Voltages applied. 

If the gate voltage exceeds the threshold voltage of the 
source follower (320), the source follower (320) will be 
brought out of the cut-off mode. If the select switch (328) is 
closed and the Supply Voltage (326) is greater than the Voltage 
across the drainterminal and the source terminal of the Source 
follower (320) plus the output voltage (322), then the source 
follower (320) will be in a saturation mode. While in the 
saturation mode, the source follower (320) transfers the gate 
voltage (330) to the output voltage (322). The inputside of the 
source follower (320) experiences high impedance, effec 
tively isolating the crossbar memory elements from various 
sensing circuitry on the other side of the source follower 
(320). With the supply voltage (326) applied to the drain 
terminal of the source follower (320), the output voltage (322) 
will follow the gate voltage (330). 

At this point, the output Voltage (322) is dependent upon 
the bias Voltages across the column half-selected memory 
elements (314) and is not indicative of the state of the target 
memory element (312). Thus, this voltage may be referred to 
as a background Voltage. The background Voltage is then 
stored in a storage element (324). One example of a storage 
element (324) is a sample and hold circuit. The background 
voltage stored by the storage element (324) will be used at a 
later time. 

FIG. 4 is a diagram showing an illustrative NXN crossbar 
array model while a target memory element (312) is fully 
selected. In order to fully select a target memory element 
(312), a sense voltage (402) is applied to the row connected to 
the target memory element. This row may be referred to as the 
selected row (310). When the sense voltage (402) is applied to 
the selected row, each memory element (312,316) along the 
selected row (310) experiences the sense voltage (402). Thus, 
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6 
the target memory element is now fully selected and the rest 
of the memory elements (316) along the selected row (310) 
become half-selected. 
The gate voltage (404) of the source follower (320) is now 

affected by the sense voltage (402) across the target memory 
element (312) in addition to the bias voltages across the 
column unselected memory elements (314) along the selected 
column (302). As before, the gate voltage (404) is transferred 
to the output voltage (406). To determine the voltage across 
the target memory element (312) resulting from only the 
sense Voltage (402), the background Voltage stored in the 
storage element (324) may be subtracted from the output 
Voltage experienced with the sense Voltage applied. This 
effectively cancels out the background Voltage resulting from 
the bias voltages and leaves only the voltage affected by the 
sense Voltage (402) across the target memory element (312). 
The remaining Voltage is now indicative of the state of the 
target memory element (312). The remaining Voltage may be 
sensed by various sensing circuitry Such as a trans-impedance 
amplifier. 

FIG. 5 is a diagram showing an illustrative circuit sche 
matic (500) of an equivalent circuit of a fully selected 
memory element of a crossbar array. According to certain 
illustrative examples, the selected memory element resis 
tance (508) and the unselected memory elements equivalent 
resistance (504) form a voltage divider circuit. A voltage 
divider circuit is one in which an input Voltage is applied 
across two resistances and an output Voltage is between the 
two resistances. The input Voltage is divided across each 
resistance based on the value of the resistances. Thus, the 
output Voltage is the Voltage across only one of the resis 
tanceS. 

As mentioned above, the gate voltage (506) of the source 
follower (516) is dependent upon the bias voltages applied to 
the unselected rows and the sense Voltage applied to the 
selected row. The gate voltage (506) is also dependent upon 
the equivalent resistance (504) of the unselected memory 
elements within the crossbar array as well as the bias Voltage 
(502) and sense voltage (512). The equivalent unselected 
resistance (504) is dependent upon the resistive state of the 
half-selected and unselected memory elements within the 
crossbar array. As will be appreciated by one skilled in the 
relevant art, the equation for the gate Voltage is as follows: 

In which: 
V, the gate voltage (506); 
Vs the sense voltage (512); 
V, the bias voltage (502); 
R. the target memory element resistance (508); and 
Reo the equivalent unselected and half-selected resis 

tance (504). 
As will be apparent to one skilled in the relevant art, the 

selected memory element has a relatively significant effect on 
the gate Voltage. Thus, by determining the gate Voltage with 
and without the sense voltage (512) applied to the selected 
memory element, the relative resistive state of the target 
memory element may be determined. As mentioned above, 
the difference in gate voltage is transferred to the output 
voltage (510) of the source follower (516). The output voltage 
may then be measured or sensed by various sensing circuitry. 

Data is typically stored in a digital format. In a digital 
format, only two discrete values are represented; a digital 1 
and a digital '0'. The resistive state of a memory element may 
represent either a 1 or a 0. For example, a high resistive 
state may represent a '0' and a low resistive state may repre 
sental or vice versa. In some cases, the difference between 

(Eq. 1) 
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a high resistive state and a low resistive state may be a factor 
of 100 or more. For example, if a memory element is in a low 
resistive state, it may have a resistance of 100 ohms. In a high 
resistive state, the memory element may have a resistance of 
10,000 ohms. Thus, it may not be necessary to determine the 
exact resistance of a target memory element. Rather, the 
relative resistance may be sufficient to determine whether the 
target memory element is representing a digital 1 or a digital 
“0”. 

FIG. 6 is a graph (600) showing an illustrative voltage to 
current relation of a non-linear element. The horizontal axis 
of the graph (600) represents voltage (604) and the vertical 
axis of the graph (600) represents electric current (602). The 
non-linear element line (614) indicates the electric current 
(602) passing through a non-linear resistive element as a 
function of voltage (604). 

According to certain illustrative examples, a Voltage V 
(608) may be applied to a non-linear element. A first electric 
current (610) illustrated by the upper horizontal dotted line is 
the electric current value passing through the non-linear ele 
ment with a voltage of V (608) applied. If half the voltage, 
V72, (606) is applied, a second electric current (612) illus 
trated by the lowerhorizontal dotted line will flow through the 
non-linear element. The second current (612) will be much 
smaller than half the first electric current (610) flowing 
through the non-linear element when V (608) is applied. This 
non-linear relationship allows bias Voltages to be applied to 
unselected lines within the crossbar array without overly 
affecting the electric current sensed from a selected memory 
element. 

For example, if a sense voltage of V (604) is applied to a 
selected line and a bias voltage of V72 (606) is applied to 
unselected lines, the cumulative electric currents from several 
unselected lines may still be less than the electric current 
flowing through the selected memory element as a result of 
sense voltage V (608) being applied. 

FIG. 7 is a flowchart showing an illustrative method for 
using a Voltage to sense the state of a memory element within 
a crossbar array. According to certain illustrative examples, 
the method may include selecting (block 702) a column line 
connected to a target memory element of the crossbar array by 
applying a Supply Voltage to a source follower, a gate terminal 
of the Source follower connected to the column line; applying 
(block 704) bias voltages to row lines of the crossbar array: 
storing (block 706) an output voltage of the source follower in 
a storage element; applying (block 708) a sense Voltage to a 
row line connected to the target memory element; and out 
putting (block 710) a difference between the voltage stored in 
the storage element and an output Voltage of the source fol 
lower while the sense voltage is applied to the row line. 

In Sum, through use of a system or method embodying 
principles described herein, the State of a target memory 
element within a crossbar array may be determined without 
the need for isolation elements. Without isolation elements, a 
memory structure with a higher density may be realized. The 
higher memory density allows more data to be stored within 
a smaller physical amount of space. 
The preceding description has been presented only to illus 

trate and describe examples and examples of the principles 
described. This description is not intended to be exhaustive or 
to limit these principles to any precise form disclosed. Many 
modifications and variations are possible in light of the above 
teaching. 
What is claimed is: 
1. A crossbar array comprising: 
a number of parallel row lines intersecting a set of parallel 

column lines; and 
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8 
a memory element at each intersection of a row line and a 

column line, 
said crossbar array further comprising circuitry to: 
select one of said column lines connected to a target 
memory element of said crossbar array by applying a 
Supply Voltage to a source follower, where a gate termi 
nal of said source follower is connected to said selected 
column line; 

apply bias Voltages to said row lines of said crossbar array; 
store an output Voltage of said source follower in a storage 

element; 
then, apply a sense Voltage to said selected row line con 

nected to said target memory element; and 
output a difference between said voltage stored in said 

storage element and an output Voltage of said source 
follower while said sense Voltage is applied to said 
selected row line. 

2. The crossbar array of claim 1, in which said storage 
element comprises a sample and hold circuit. 

3. The crossbar array of claim 1, in which said bias voltages 
applied to said row lines cause a gate Voltage of said source 
follower to bring said source follower into a saturation mode. 

4. The crossbar array of claim 1, in which said crossbar 
array is a disjointed crossbar array. 

5. The crossbar array of claim 1, in which memory ele 
ments within said crossbar array comprise non-linear resis 
tive elements. 

6. The crossbar array of claim 5, in which said non-linear 
resistive memory elements within said crossbar array com 
prise memristive elements. 

7. The crossbar array of claim 1, in which said circuitry 
determines a resistive state of said target memory element 
based on said difference between said voltage stored in said 
storage element and an output Voltage of said source follower 
while said sense Voltage is applied to said one of said row 
lines. 

8. The crossbar array of claim 1, wherein said circuitry, 
when applying bias Voltages to said row lines, does not apply 
a bias Voltage to said selected column line, but allows said 
selected column line to float. 

9. A system for reading memory elements within a crossbar 
array, said crossbar array comprising a set of parallel row 
lines intersecting a set of parallel column lines, memory 
elements being disposed at intersections between said row 
lines and said column lines, the system comprising: 

a source follower, a gate terminal of said source follower 
connected to one of said column lines; 

Switching devices connecting bias Voltage Supplies to said 
row lines; 

a storage element to store an output Voltage of said source 
follower; 

a sense Voltage Supply to apply a sense Voltage to one of 
said row lines; and 

an output to provide a final Voltage, said final Voltage 
comprising an output of said source follower with said 
sense Voltage applied to one of said row lines minus a 
Voltage stored in said storage element. 

10. The system of claim 9, in which said bias voltages 
connected to said row lines apply bias Voltages to said row 
lines to cause a gate Voltage of said source follower to bring 
said source follower into a saturation mode. 

11. The system of claim 9, in which said crossbar array is a 
disjointed crossbar array. 

12. The system of claim 9, in which memory elements 
within said crossbar array comprise non-linear resistive ele 
mentS. 
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13. The system of claim 12, in which said non-linear resis 
tive memory elements within said crossbar array comprise 
memristive elements. 

14. The system of claim 9, further comprising a sense 
element, said sense element to determine a resistive state of a 
target memory element intersecting said one of said column 
lines and said one of said row lines based on said final Voltage. 

15. A method for reading a memory element within a 
crossbar array, the method comprising: 

Selecting a column line connected to a target memory ele 
ment of said crossbar array by applying a Supply Voltage 
to a source follower, a gate terminal of said source fol 
lower connected to said column line; 

applying bias Voltages to row lines of said crossbar array; 
storing an output Voltage of said source follower in a stor 

age element; 
applying a sense Voltage to a row line connected to said 

target memory element; and 
outputting a difference between said Voltage stored in said 

storage element and an output Voltage of said source 
follower while said sense voltage is applied to said row 
line. 
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16. The method of claim 15, in which said bias voltages 

applied to said row lines cause a gate Voltage of said source 
follower to bring said source follower into a saturation mode. 

17. The method of claim 15, in which said crossbar array is 
a disjointed crossbar array. 

18. The method of claim 15, in which memory elements 
within said crossbar array comprise non-linear resistive ele 
mentS. 

19. The method of claim 18, in which said non-linear 
resistive memory elements within said crossbar array com 
prise memristive elements. 

20. The method of claim 15, further comprising, determin 
ing a resistive state of said target memory element based on 
said difference between said Voltage stored in said storage 
element and said output Voltage of said source follower when 
said sense Voltage is applied to said row line. 

21. The method of claim 15, in which said storage element 
20 comprises a sample and hold circuit. 

k k k k k 
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